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(54) Tltte: HIGH FREQUENCY SAW DEVICE 

(57) Abstract 

A langasite crystal substrate having a prescribed 
range of Euler angles for substrate and crystal orienta- 
tion improves signal processing for a surface acoustic 
wave (SAW) device, and thus for radiotelephones, mobile 
communication systems, television systems, and the tike. 
When a voltage is applied to an input interdigital trans- 
ducer IDT (2), a surface acoustic wave is generated in a 
piezoelectric substrate of langasite (1). This wave propa- 
gates in a direction generally perpendicular to electrodes 
of the IDT (2). The langasite crystal cut and wave prop- 
agation directions arc defined which reduce insertion loss 
due to SAW transduction, diffraction, and beam steering. 
Temperature stability is improved. A low power flow an- 
gle and reduced level of diffraction is also achieved. 
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HIGH FREQUENCY SAW DEVICE 

Field of the Invention 

The invention relates to a surface acoustic wave (SAW) device and, 
more particularly, to a device having a langasite crystal substrate with a 
predetermined crystalline orientation for causing a surface acoustic wave to 
propagate along a predetermined crystalline axis of the substrate. 

Background of the Invention 

This invention relates to an optimal surface acoustic wave orientation 
on single crystal lanthanum gallium silicate or La^ Gag Si 0,4, commonly known 
as langasite (LSG), SAW devices are currently used a bandpass filters, 
resonators, delay lines, convolvers, etc. in a broad range of RF and IF 
applications such as wireless, cellular communication and cable TV. Three 
commonly used substrates are lithium niobate, ST-quartz, and lithium tantalate. 
There are several material properties that determine the usefulness of any 
particular crystal and, in particular, orientation of a particular crystal. These 
properties include: 1) SAW velocity, Vs; 2) the SAW piezoelectric coupling 
coefficient, k^; 3) the power flow angle, PFA; 4) the diffraction or beam spreading 
coefficient, y (gama); and 5) the temperature coefficient of delay, TCD. It has not 
been possible to find an orientation in any existing substrate which optimizes 
these properties at the same time; so the choice of substrate and orientation 
depends upon what is important for the application, and almost always involves 
a compromise between the SAW material properties. A high velocity is desirable 
for high frequency devices, because the device geometry patters are larger and, 
therefore, the devices are easier to fabricate. At low frequencies, a low velocity 
is usually desirable because the device size is smaller, resulting in lower devices 
and packaging costs. Thus, there is no universally optimum velocity. For 
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moderate to wide bandwidth devices, a high value of is desirable because it 
allows lower insertion loss. From the point of view of k^, lithium niobate is best» 
quartz is worst, and lithium tantalate is in between. For most devices, and in 
particular narrow band devices. TCD should be as low as possible and ideally 
zero. From this point of view, ST-quartz is best, lithium niobate is worst, and 
lithium tantalate is in between Gust the opposite ranking as for k^). The optimum 
value of K is -1, which results in minimum beam spreading. From this point of 
view, YZ lithium niobate is now ideal, ST-quartz is worst, and lithium tantalate is 
in between. The PFA should be zero, and this is the case for most of the 
commonly used SAW substrates, with an exception being 1 12** lithium tantalate, 
which has a PFA of 1.55**. For the most narrow band applications, ST-quartz is 
a quite acceptable choice; and for the very wide band applications where 
temperature stability is not so important (e.g., a device can be held at constant 
temperatures), lithium niobate is usually quite acceptable. What is needed is a 
substrate orientation that offers the temperature stability of ST-quartz but with 
higher k^ and at the same time low or zero beam steering (PFA) and diffraction 
(k = -1). We have a substrate that meets these conditions. 

A SAW device is known which contains a piezoelectric substrate with 
input and output interdigital transducers (IDT's) on its surface. ST quartz is used 
to achieve the better temperature stability. The orientation of ST-cut with respect 
to crystallographic axes is described by Euler angles 0 ~ 0**, 0 ~ 132*75**, and 
- 0**. For this cut, the temperature coefficient is equal to zero. 

The known device has a disadvantage of high insertion loss due to 
transduction loss because of a low electromechanical coefficient k,.^ = 0.116%, 
and propagation loss in high frequency range (more than 3.1 Db///s at frequency 
1 GHz). This results in an increased insertion loss of devices and makes it 
impossible to use them in mobile communication systems. The insertion loss of 
filters for mobile communications must not exceed 3-4 Db at intermediate radio- 
frequencies 800-1800 MHZ. 
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SUMMARY OF THE INVENTION 

It is the object of this invention to provide a langasite crystal having 
a substantially planar surface defined by the Euler angles, such that SAW 
propagation within this range of angles on langasite is characterized by 
piezoelectric coupling about two to three times stronger than typically found with 
ST-quartz, by way of example, near zero PFA, near zero TCD, and near minimum 
beam spreading. While the latter three conditions cannot all be met exactly for 
any orientation, the performance as measured just by these three conditions 
together is significantly better than any known cut of Li Nb O3, Li Ta O3, or quartz, 
and choices within this range can be chosen to favor one or two at the slight 
expense of the third. 

A preferred embodiment of the present invention includes a device 
which contains a langasite substrate (1) on the surface of which input and output 
IDT's are placed. 

The use of the langasite offers a decreased propagation loss as 
compared to quartz (up to 1 dB///$ at the frequency 1 GHZ). To reduce the 
transduction loss, the Euler angles, which define the orientation of the substrate, 
are chosen as follows: 0 = 90*', 0 = 10'', and = 0"*, 

The following disadvantages in the known devices include bad 
temperature stability (the temperature coefficient =12 10'®) and high transduction 
loss, high beam steering loss, and high diffraction loss, defined by 
electromechanical coupling k/, PFA 0 and anisotropy parameter, respectively. 
For the mentioned device, k/ = 0.25%, 0 = -5.7%, and y = -2.859%. 

The present invention is directed toward reducing insertion loss and 
improving temperature stability. 

This purpose is achieved as follows: the surface of the langasite 
substrate is perpendicular to axis Z, electrodes of IDTs are perpendicular to axis 
X and are parallel to axis Y. Axes X, Y. Z are defined by Euler angles with 
respect to crystallographic axes X, Y, Z of langasite - angle 0 is in the range -15° 
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to 10**, angle 6 in the range of 120° to 165*", and angle in the range of 20** to 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 diagrammaticaily illustrates substrate axes X', Y', and Z and 
crystal axes X, Y, and Z along with Euler angles describing relative orientation of 
X,Y, and Z to X'. Y', and T\ 

FIG, 2 is a perspective view of a SAW device illustrating interdigital 
transducers located on a langasite substrate surface; 

FIG. 3 illustrates SAW parameters (Velocity, Power Flow Angle. 
Electromechanical Coupling Coefficient, and Temperature Coefficient) versus 
propagation angle ^or different values of 0; and 

FIG. 4 illustrates SAW parameters of FIG. 3 versus ^ for 0=145** for 
different values of 0. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The crystal cut of langasite with Euler angles 0 - -1%, 0= 1 35.6° +/- 
10%, and = 24.1° +/- 8°, provide improved performance for SAW devices. 
Specifically, the crystal cut provides a near simultaneous optimization of three 
critical SAW propagation parameters and a favorably value of a fourth parameter. 
This fourth parameter is the coupling constant k^, which varies between 0.25 and 
0.35% as compared to .12% for ST-quartz crystal. The three SAW propagation 
parameters are PFA, / and TCD, which are the power flow angle, the diffraction 
coefficient, and the temperature coefficient delay, respectively. PFA is also known 
as the beam steering angle and is the angle between the SAW wave vector, which 
is always normal to the tap electrodes, and the direction of the power flow. 
Ideally, PFA should be zero, k is a measure of the diffraction or beam spreading. 
Normally, as a SAW propagates on a substrate, the beam profile will change and 
broaden. This beam spread causes diffraction loss and distortion to the 
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filter response. For isotropic materials, the value of y is zero» and diffraction is a 
moderately serious problem. Diffraction is minimized when k = -1 r and this is the 
case for YZ Li Nb O3 and a special MDC (minimum diffraction cut) of Li Ta Og. 
For ST-quartz, "^ 38, and diffraction is worse than the isotropic case. There 
is a range of angle within the designated range of this disclosure for which k === -1 . 
which is ideal. Likewise there is a range of angles for which the TCD is zero. 
(TCD is the relative change in delay per degree centigrade.) The ideal parameter 
values are obtained for each parameter within the restricted range of angles of 
this disclosure; but since the angles associated with the values form a locus of 
points in a two-dimensional angle space (over 6 and if/), there is no point at which 
the three loci intersect. That means it is possible to achieve ideal performance 
in two of the three parameters but not all three parameters. Therefore, within this 
range, the optimal choice of angles would still be dependent upon the application, 
and in fact are intermediate points that minimize the problem of all three 
parameters. This is the reason for the spread of angles in this disclosure. 

There sometimes is confusion about the use of Euler angles so a 
verba! description is appropriate. 

Consider a wafer outline on a surface normal parallel to the axis Z\ 
Now construct a flat along one edge of the wafer one nomial to the axis X*. The 
direction of SAW propagation is parallel to axis X'. Now assume that the crystal 
axes X, Y, Z are coincident with the wafer outline axes X', Y\ Z\ respectively. 
With no rotation, the wafer is considered Z cut (the wafer is cut with the polished 
surface normal to Z) and X propagating (the SAW propagates in a direction 
parallel to the X axis). With any subsequent rotation, the wafer axes X', Y'. T are 
rotated, and the crystal aces X, Y, Z are assumed to be fixed. Now, by way of 
example, consider the Euler angles (0, 0, ip) = (0"*, 135**, 28*'), which is a case 
near the middle of the designated range. The first rotation would rotate around 
Z' (X* toward Y') by 0. Since 0 = 0°, there is no rotation for this case. The next 
rotation is around the "new" X' (the "new" axes are always tied to the wafer so 
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that any rotation is around a wafer axis that includes all previous rotations) by e 
(which is ISS**) (Y* toward Z for a positive angle rotation). Finally, rotate around 
T (X' toward Y') by which in this case is 28*», 

A high frequency SAW device is described with reference to FIGS. 1 
and 2. FIG. 3 illustrates SAW velocity. PFA 0, electromechanical coupling k^^ and 
temperature coefficient versus Euler angle ^ for some values of angle e and for 
0 = 0**. Velocity, 0, 1^^ and temperature coefficient versus for some value of 0 
and for 9 = 145° are illustrated in FIG. 4. 

A preferred embodiment of the present invention includes a SAW 
device containing a iangasite substrate (1). and tDTs (2), (3) and reflecting 
electrodes (6), if necessary. The normal Z' to the substrate surface, the normal 
X' to electrodes 4. 5, 6. by way of the example illustrated, and axis Y' (paralief to 
electrodes) are defined with respect to crystallographic axes as follows: 0 == -15*' 
to 10**; 0 - " 120** to 165^, ^ = 20** to 45^. where 0, 0, ip are Euler angles. 

0 is the angle between crystallographic axis X and auxiliary axis X", 
which is the axis of rotation of the plane XY (up to required orientation of the 
substrate surface). 

0 is the angle between axis Z and the normal Z to the substrate 

surface (1). 

ip is the angle between axis X" and axis X', X' is perpendicular to 
electrodes of IDTs (2), (3). 

The SAW device operates as follows. When a voltage is applied to 
IDT (2), the surface acoustic wave is generated in the substrate and the energy 
flow propagates in the direction X' (the angle between X" and X' is equal to 0). 
SAW is detected by the output IDT and converted into the output voltage. The 
insertion loss of the SAW device results from a number of factors (bidirectionality 
is not considered here): transduction loss a^ = ay + of the input and output IDT. 
defined by the electromechanical coupling propagation loss ap in the substrate, 
diffraction loss a^j, beam steering loss a^,. 

Therefore the insertion loss is defined as follows: 
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= ay, + + Bp + + a^^dB 

Each component of the insertion loss depends on electrophysic 
parameters of the substrate and the geometric parameters of IDT's. 

The transduction insertion loss 3^, is inverse to the electromechanical 
coupling coefficient for an IDT with N pairs of electrodes matched by an inductor 
at the central frequency: 

a^, = -10lg I2b/(1 + b)^], dB 
where b - Gq/G^\ Gq - load conductance; Gg - IDT admittance. For example, the 
admittance of an unapodized IDT at the central frequency fo is defined as: 

G3 = 8 fo C, W 
where = 2 {e^^, + 1) (6.5) d,^ + 1.08 d„ + 2.37) 10'^^ F/m - capacitance of an 
electrode pair of unit length; e^^p^ - dialectic permitivity; W - aperture; N - number 
of electrode pairs, which is defined by the specified band width as follows: N = 
0.632 (Af 3/fo), where (Af 3) normalized 3dB-bandwidth. 

The propagation loss is proportional to the distance between input 
and output IDT: 

ap = bf + df, dB/A/sec, 
where b,c - constants of the substrate material; f - operating frequency, GHz. 
The beam steering loss is proportional to angle : 
ao = -20 Ig (1 - B tg 0), dB 
where B-geometrical parameter, which is equal to l/w; l-distance between IDT 
centers; W - aperture. 

The diffraction loss in the Fresnel region is defined as follows [4]: 

+1/2 

= -10lg[ / u(W,y) dy], dB 
-1/2 

where 

Re u(W,y) = Ci(cf,) - CKa^). 
Im u(W.y) - S\{a,) - Si(a,), 
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a, =irW2(y + 1/2)M 1 I 
ir {y - 1/2)2/[ | 1+k 1 ^ 
Ci(a) and S^ia) Fresnel integrals; y - anisotropy parameter of the substrate material 
in the propagation direction; A - wavelength. Diffraction loss depends on the sign 
and value of y and is minimum if k = -^1. which corresponds to cuts with auto- 
collimation. 

Thus, the insertion loss in a device can be reduced by choosing an 
orientation of a substrate with high electromechanical coupling, low beam steering 
angle 0, anistropy parameter (close to -1). For typical value for IDT aperture, 
W = (20-80)>l and the distance between input and output transducers I = (200- 
300)^, the diffraction loss is related to the distortion of the form of acoustic beam 
and does not exceed 1.6 dB [1], Therefore the insertion loss of the device mostly 
depends on transduction loss and beam steering loss. 

Let us estimate advantages of the proposed device as compared to 
the known on [2]. 

The SAW propagation parameters of the device-prototype with 
orientation (90**, 10^, 0**) are as follows: temperature coefficient = 12 10'^(1/'C), 
k^' = 0.26%, 0 = -5.7^ 

As it is shown in FIGS. 3 and 4 in the proposed device based on 
langasite for any Euler angles within chosen limits 15° ^02S+1O**, 120** 165**. 
20** ^^^45**, the temperature coefficient does not exceed 10 10**(1/°'^C and for 
orientation (0°, 144*. 22J5°) it is close to zero. 

As a consequence, the temperature stability is improved as 
compared to the known device. 

It is shown in FIGS. 3 and 4 that in the proposed device, the PFA 
0 is Jess than 5° and the electromechanical coupling coefficient is more than 0.2% 
with the maximum value 0.45%. Consequently on the most part of the proposed 
orientations, the electromechanical coupling coefficient k^ is more than that in the 
device and the angle 0 is less than that of the device. This results in the 
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decreased transduction and beam steering loss. In some cases for 80** ^<^^45*', 
k/ is somewhat less than that of the prototype (0.2%<k5^<0.26%) which is 
compensated by decreasing beam steering loss. 

Therefore for any value of each Euler angle within the proposed 
group of orientation it is always possible to find such values of two other angles 
that their combination provides the improved temperature and stability and the 
decreased insertion loss as compared to the prototype. 

Therefore, the desired result is achieved in the proposed device. 

Consider, by way of example, a filter for wireless radiotelephones 
(European standard DECT) for intermediate frequency f^ = 110.6 Mhz with a 
bandwidth Afo,3 = 0.965 Mhz or {Af 3/fo) = 0.88%. The langasite substrate is used 
with orientation defined by Euler angles (0*,146**. 22.5*') and the following 
parameters: kj^ = 0,42%, 0- 0.9**, temperature coefffcient = 2 10"^ (1/**C). With 
the number of electrodes of each IDT close to the optimal value N - 72 (which 
provides minimum transduction loss if the load resistance is 50 ohms, aperture W 
= 3.5 and the distance between IDTs I = 10mm), the transduction loss of the 
proposed device is near zero (bidirectionality is not considered) and the beam 
steering loss is 0.4 dB. 

For a device with similar geometric parameters, the values of 
transduction and beam steering loss are 0.6 dB and 2.9 dB, respectively. Then 
the gain in the insertion loss is 3.1 dB. Furthermore, the temperature stability is 
considerably better than that of the prototype. 

By way of further example, consider a high frequency filter for the 
selection of carrier radio-frequencies in wireless radiotelephones (European 
standard DECT). The operating frequency is fo = 1,89 GHz. the bandwidth Afj 
= 20 MHz or (Af 3/fo) « 1%. For N = 65, a typical aperture W = 0,14 mm (lOOil) 
the distance between IDTs centers I = 1mm and the substrate orientation defined 
by Euler angles (0'=', 144**, 22.75**) with parameters: k^^ « 0.37, 0 a* 0**, 
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temperature coefficient «0 (1/*'C). the beam steering loss is zero and the 
transduction loss is 1.2 dB (the bidirectionality is not considered). 

For the device with similar geometric parameters, the beam steering 
and transduction loss are 2.6 dB and 10.8 dB, respectively. The gain in the 
insertion loss is 12.2 dB. Moreover, the temperature stability is improved. 

It is worth noting that earlier mentioned low-loss filters cannot be 
designed based on ST quartz. 

While specific embodiments of the invention have been described in 
detail herein above, it is to be understood that various modifications may be made 
from the specific details described herein without departing from the spirit and 
scope of the invention as set forth in the appended claims. 

Having now described the invention, the construction, the operation 
and use of preferred embodiments thereof, and the advantageous new and useful 
results obtained thereby, the new and useful constructions, methods of use and 
reasonable mechanical equivalents thereof obvious to those skilled in the art, are 
set forth in the appended claims. 
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What ts claimed is: 

1, A surface acoustic wave (SAW) device comprising: 

a iangasite substrate havirig a SAW propagation surface; 
Input and output interdigital transducers having electrodes on 
the surface for launching and detecting surface acoustic waves, wherein a surface 
wave direction of propagation is along an X' axis, the substrate further having an 
T axis normal to the surface, and a Y' axis along the surface and perpendicular 
to the X* axis, the Iangasite substrate further having a crystal orientation defined 
by crystal axes X.Y, and Z, the relative orientation of device axes X', Y\ and Z" 
being defined by Euler angles 0, 8, and q$\ and 

wherein 0 has a value ranging from -1 5** to 1 0**, © has a value 
ranging from 120** to IBS**, and has a value ranging from 20° to 45". 
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